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1
SEMICONDUCTOR DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor device
and in particular it can suitably be used for a semiconductor
device including a non-volatile memory including a floating
gate electrode and a control gate electrode.

2. Description of the Background Art

A semiconductor device including a non-volatile memory
having a floating gate electrode represents one of non-volatile
memories. In a surface of a semiconductor substrate of such a
semiconductor device, a memory cell array region and a gate
contact region are defined. In the memory cell array region, a
memory cell transistor is arranged. An interlayer insulating
film is formed to cover the memory cell transistor. In a portion
of the interlayer insulating film located in the gate contact
region, a contact plug and a via for electrical connection
between a control gate electrode and a word line shunt are
formed.

In the memory cell array region, a memory cell transistor is
formed in an element formation region defined by an element
isolation region. On the other hand, the gate contact region is
arranged in the element isolation region (an element isolation
insulating film). In the gate contact region, in order to achieve
uniform processing accuracy of the floating gate electrode, a
dummy floating gate electrode is formed at a pitch in confor-
mity with a pitch of the floating gate electrode formed in the
memory cell array region. Here, the dummy floating gate
electrode is formed on the element isolation insulating film.
Japanese Patent Laying-Open No. 2003-152121 represents
one example of documents disclosing a semiconductor device
including a non-volatile memory.

SUMMARY OF THE INVENTION

A conventional semiconductor device including a non-
volatile memory has been found to suffer the following prob-
lems. In a gate contact region, a dummy floating gate elec-
trode is formed on an element isolation insulating film.
Therefore, a value for a coupling ratio of the dummy floating
gateelectrode is greater than a value for a coupling ratio of the
floating gate electrode located in a memory cell array region,
which is close to 1. Thus, with charge up at the time of via
opening, a potential of the dummy floating gate electrode is
different from a potential of the floating gate electrode.

Consequently, during baking in a subsequently conducted
wafer test, movable ions in an interlayer insulating film are
non-uniformly distributed due to a potential of the dummy
floating gate electrode, and it has been found that the problem
of erroneous determination as retention failure of a memory
cell transistor in the memory cell array region, in particular in
the vicinity of the gate contact region occurs.

Other objects and novel features will become apparent
from the description herein and accompanying drawings.

A semiconductor device according to one embodiment
includes a semiconductor substrate, a first region, a second
region, a plurality of memory cell transistors, a dummy float-
ing gate electrode, a word line, an interlayer insulating film,
and a conductor portion. The first region is arranged in a
surface of the semiconductor substrate and includes a plural-
ity of first element formation regions each defined by a first
element isolation region. The second region is arranged in the
surface of the semiconductor substrate as being adjacent to
the first region and includes a dummy element formation
region defined by a second element isolation region. The
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2

plurality of memory cell transistors are formed in a plurality
of the first element formation regions and each include a
floating gate electrode and a control gate electrode. The
dummy floating gate electrode is formed in the second region.
The word line is formed on the dummy floating gate electrode
s0 as to cross the dummy floating gate electrode and electri-
cally connected to the control gate electrode of at least one
memory cell transistor of the plurality of memory cell tran-
sistors. The interlayer insulating film is formed to cover the
word line. The conductor portion is formed in a portion of the
interlayer insulating film located in the second region and
electrically connected to the word line. The dummy floating
gate electrode is arranged to partially be superimposed on the
dummy element formation region in a two-dimensional view.

A semiconductor device according to another embodiment
includes a semiconductor substrate, a first region, a second
region, a plurality of memory cell transistors, a dummy float-
ing gate electrode, a word line, an interlayer insulating film,
and a conductor portion. The first region is arranged in a
surface of the semiconductor substrate and includes a plural-
ity of first element formation regions each defined by a first
element isolation region. The second region is arranged in the
surface of the semiconductor substrate as being adjacent to
the first region and includes a dummy element formation
region defined by a second element isolation region. The
plurality of memory cell transistors are formed in a plurality
of the first element formation regions and each include a
floating gate electrode and a control gate electrode. The
dummy floating gate electrode is formed in the second region.
The word line is formed on the dummy floating gate electrode
s0 as to cross the dummy floating gate electrode and electri-
cally connected to the control gate electrode of at least one
memory cell transistor of the plurality of memory cell tran-
sistors. The interlayer insulating film is formed to cover the
word line. The conductor portion is formed in a portion of the
interlayer insulating film located in the second region and
electrically connected to the word line. The dummy floating
gate electrode and the word line are electrically connected to
each other.

According to the semiconductor device in one embodi-
ment, erroneous determination as retention failure of a
memory cell transistor can be suppressed.

According to a semiconductor device in another embodi-
ment, erroneous determination as retention failure of a
memory cell transistor can be suppressed.

The foregoing and other objects, features, aspects and
advantages of the present invention will become more appar-
ent from the following detailed description of the present
invention when taken in conjunction with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view showing a layout of a semiconductor
device according to a first embodiment.

FIG. 2 is a cross-sectional view along the line II-II shown
in FIG. 1 in the first embodiment.

FIG. 3 is a plan view showing one step in a method of
manufacturing a semiconductor device in the first embodi-
ment.

FIG. 4 is a cross-sectional view along the line IV-IV shown
in FIG. 3 in the first embodiment.

FIG. 5 is a plan view showing a step performed after the
step shown in FIGS. 3 and 4 in the first embodiment.

FIG. 6 is a cross-sectional view along the line VI-VI shown
in FIG. 5 in the first embodiment.
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FIG. 7 is a plan view showing a step performed after the
step shown in FIGS. 5 and 6 in the first embodiment.

FIG. 8 is a cross-sectional view along the line VIII-VIII
shown in FIG. 7 in the first embodiment.

FIG. 9 is a plan view showing a step performed after the
step shown in FIGS. 7 and 8 in the first embodiment.

FIG. 10 is a cross-sectional view along the line X-X shown
in FIG. 9 in the first embodiment.

FIG. 11 is a cross-sectional view along the line XI-XI
shown in FIG. 9 in the first embodiment.

FIG. 12 is a plan view showing a step performed after the
step shown in FIGS. 9, 10, and 11 in the first embodiment.

FIG. 13 is a cross-sectional view along the line XIII-XIII
shown in FIG. 12 in the first embodiment.

FIG. 14 is a plan view showing a step performed after the
step shown in FIGS. 12 and 13 in the first embodiment.

FIG. 15 is a cross-sectional view along the line XV-XV
shown in FIG. 14 in the first embodiment.

FIG. 16 is a plan view showing a step performed after the
step shown in FIGS. 14 and 15 in the first embodiment.

FIG. 17 is a cross-sectional view along the line X VII-XVII
shown in FIG. 16 in the first embodiment.

FIG. 18 is a plan view showing a step performed after the
step shown in FIGS. 16 and 17 in the first embodiment.

FIG. 19 is a cross-sectional view along the line XIX-XIX
shown in FIG. 18 in the first embodiment.

FIG. 20 is a plan view showing a step performed after the
step shown in FIGS. 18 and 19 in the first embodiment.

FIG. 21 is a cross-sectional view along the line XXI-XXI
shown in FIG. 20 in the first embodiment.

FIG. 22 is a cross-sectional view showing a step performed
after the step shown in FIGS. 20 and 21 in the first embodi-
ment.

FIG. 23 is a plan view showing a step performed after the
step shown in FIG. 22 in the first embodiment.

FIG. 24 is a cross-sectional view along the line XXIV-
XXIV shown in FIG. 23 in the first embodiment.

FIG. 25 is a plan view showing a layout of a semiconductor
device according to a comparative example.

FIG. 26 is a cross-sectional view along the line XXVI-
XXVI shown in FIG. 25.

FIG. 27 is a plan view showing one step in a method of
manufacturing a semiconductor device according to the com-
parative example.

FIG. 28 is a cross-sectional view along the line XXVIII-
XXVIII shown in FIG. 27.

FIG. 29 is a cross-sectional view showing a step performed
after the step shown in FIGS. 27 and 28.

FIG. 30 is a schematic diagram for illustrating a capaci-
tance in connection with a floating gate electrode in the first
embodiment.

FIG. 31 is a first schematic cross-sectional view for illus-
trating a potential of a floating gate electrode in the semicon-
ductor device according to the comparative example.

FIG. 32 is a first partial cross-sectional view showing one
example of a step of exposure to plasma for illustrating a
potential of the floating gate electrode in the first embodi-
ment.

FIG. 33 is a second partial cross-sectional view showing
one example of the step of exposure to plasma for illustrating
a potential of the floating gate electrode in the first embodi-
ment.

FIG. 34 is a second schematic cross-sectional view for
illustrating a potential of the floating gate electrode and dis-
tribution of movable ions in the semiconductor device accord-
ing to the comparative example.
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FIG. 35 is a diagram for illustrating an operation for writ-
ing and baking of the semiconductor device according to the
comparative example.

FIG. 36 is a diagram illustrating an operation for erasure
and baking of the semiconductor device according to the
comparative example.

FIG. 37 is a first schematic cross-sectional view for illus-
trating a potential of the floating gate electrode in the first
embodiment.

FIG. 38 is a second schematic cross-sectional view for
illustrating a potential of the floating gate electrode and dis-
tribution of movable ions in the first embodiment.

FIG. 39 is a diagram for illustrating a writing operation and
baking in the first embodiment.

FIG. 40 is a diagram illustrating an erasing operation and
baking in the first embodiment.

FIG. 41 is a plan view showing a layout of a semiconductor
device according to a second embodiment.

FIG. 42 is a cross-sectional view along the line XTLII-XTII
shown in FIG. 41 in the second embodiment.

FIG. 43 is a cross-sectional view along the line XLIII-
XLIII shown in FIG. 41 in the second embodiment.

FIG. 44 is a plan view showing one step in a method of
manufacturing a semiconductor device in the second embodi-
ment.

FIG. 45 is a cross-sectional view along the line XIV-XLV
shown in FIG. 44 in the second embodiment.

FIG. 46 is a cross-sectional view along the line XTLII-XTII
shown in FIG. 41, which shows a step performed after the step
shown in FIGS. 44 and 45 in the second embodiment.

FIG. 47 is a cross-sectional view along the line XLIII-
XLII shown in FIG. 41, which shows a step performed after
the step shown in FIGS. 44 and 45 in the second embodiment.

FIG. 48 is a plan view showing a step performed after the
step shown in FIGS. 46 and 47 in the second embodiment.

FIG. 49 is a cross-sectional view along the line XLIX-
XLIX shown in FIG. 48 in the second embodiment.

FIG. 50 is a cross-sectional view along the line L-L. shown
in FIG. 48 in the second embodiment.

FIG. 51 is a cross-sectional view showing a step performed
after the step shown in FIGS. 48, 49, and 50 in the second
embodiment.

FIG. 52 is a schematic cross-sectional view showing dis-
tribution of movable ions in the second embodiment.

FIG. 53 is a plan view showing a layout of a semiconductor
device according to a third embodiment.

FIG. 54 is a cross-sectional view along the line LIV-LIV
shown in FIG. 53 in the third embodiment.

FIG. 55 is a cross-sectional view showing one step in a
method of manufacturing a semiconductor device in the third
embodiment.

FIG. 56 is a cross-sectional view showing a step performed
after the step shown in FIG. 55 in the third embodiment.

FIG. 57 is a cross-sectional view showing a step performed
after the step shown in FIG. 56 in the third embodiment.

FIG. 58 is a schematic cross-sectional view showing dis-
tribution of movable ions in the third embodiment.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment

A first example of a semiconductor device including a
non-volatile memory will be described here.

As shown in FIGS. 1 and 2, in a surface of a semiconductor
substrate SUB, a memory cell array region MCR and a source
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contact region SCR (a first region) as well as a gate contact
region GCR (a second region) are defined. In memory cell
array region MCR and source contactregion SCR, an element
formation region EFR is defined by an element isolation
region EIR. In gate contact region GCR, with a pattern in
conformity with a pattern of element isolation region EIR
formed in memory cell array region MCR, element isolation
region EIR is formed and a dummy element formation region
DEFR is defined.

In memory cell array region MCR and source contact
region SCR, a floating gate electrode FG is formed on a
prescribed portion in element formation region EFR, with a
tunnel insulating film TGF being interposed. In gate contact
region GCR, a dummy floating gate electrode DFG is formed
on a prescribed portion in dummy element formation region
DEFR, with tunnel insulating film TGF being interposed.
Dummy floating gate electrode DFG is arranged to partially
be superimposed on dummy element formation region DEFR
in a two-dimensional view. A two-dimensional view intends a
two-dimensional layout.

As will be described later, dummy floating gate electrode
DFG is formed with a pattern in conformity with a pattern of
floating gate electrode FG formed in memory cell array
region MCR, in order to achieve uniform processing accuracy
of floating gate electrode FG in a surface of semiconductor
substrate SUB. A word line WL is formed on floating gate
electrode FG and dummy floating gate electrode DFG, with
an ONO film TF being interposed. ONO film TF is a stack
film constituted of a silicon oxide film, a silicon nitride film,
and a silicon oxide film. Word line WL extends in an X
direction. In gate contact region GCR, word line WL is
formed to cross dummy floating gate electrode DFG.

A portion of word line WL two-dimensionally superim-
posed on floating gate electrode FG serves as a control gate
electrode CG. In each portion of element formation region
EFR located on a side of a'Y direction (positive) with respect
to word line WL, a drain region DR is formed, and in each
portion of element formation region EFR located on the side
of'the Y direction (negative), a source region SR is formed.
Floating gate electrode FG, control gate electrode CG, source
region SR, and drain region DR implement a memory cell
transistor MTR.

A first interlayer insulating film IL.1 is formed from an
undoped oxide film so as to cover memory cell transistor
MTR. In a portion of first interlayer insulating film IL.1
located in gate contact region GCR, a contact hole CH pen-
etrating first interlayer insulating film 1.1 and reaching word
line WL is formed. In that contact hole CH, a contact plug CP
electrically connected to word line WL is formed. Contact
plug CP is arranged to partially be superimposed on dummy
element formation region DEFR in a two-dimensional view.

A bit line BL is formed on a surface of a portion of first
interlayer insulating film I[.1 located in memory cell array
region MCR and source contact region SCR. Bit line BL
extends in the Y direction so as to intersect with word line
WL. An interconnection AH electrically connected to contact
plug CP is formed on a surface of a portion of first interlayer
insulating film IL1 located in gate contact region GCR. Bit
line BL and interconnection AH are formed from an alumi-
num film or the like.

A second interlayer insulating film 1[.2 is formed from an
undoped oxide film so as to cover bit line BLL and intercon-
nection AH. In a portion of second interlayer insulating film
1L.2 located in gate contact region GCR, a via hole VH pen-
etrating second interlayer insulating film I1.2 and reaching
interconnection AH is formed. In via hole VH, a via VA
electrically connected to interconnection AH is formed. On a
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surface of second interlayer insulating film 1.2, a word line
shunt WSL electrically connected to via VA is formed. Word
line shunt WSL extends in the X direction. A main portion of
a semiconductor device is constructed as above.

A method of manufacturing the semiconductor device
including the non-volatile memory described above will now
be described. Initially, as shown in FIGS. 3 and 4, element
isolation region EIR is formed by forming an isolation trench
TC in a surface of a semiconductor substrate and filling iso-
lation trench TC with an element isolation insulating film EIF.
Element isolation region EIR defines element formation
region EFR. In gate contact region GCR, as in memory cell
array region MCR, element isolation region EIR is formed to
define element formation region EFR.

Then, through thermal oxidation treatment, tunnel insulat-
ing film TGF (having a film thickness of approximately 10
nm) is formed on a surface of element formation region EFR
(see FIG. 6). Then, a polysilicon film (not shown) having a
film thickness of approximately 100 nm is formed to cover
tunnel insulating film TGF. Then, through a prescribed pho-
tolithography process and an etching process, as shown in
FIGS. 5 and 6, a polysilicon film pattern PP to be a floating
gate electrode is formed. In order to ensure accuracy in pat-
terning of polysilicon film pattern PP and planarity of a sub-
sequently formed first interlayer insulating film, polysilicon
film pattern PP is formed also in gate contact region GCR.

Then, ONO film TF (see FIG. 8) is formed to cover poly-
silicon film pattern PP, by successively depositing a silicon
oxide film (having a film thickness approximately from 3 to 5
nm), a silicon nitride film (having a film thickness approxi-
mately from 6 to 10 nm), and a silicon oxide film (having a
film thickness approximately from 3 to 5 nm). Then, as shown
in FIGS. 7 and 8, a polysilicon film PSI (having a film thick-
ness approximately from 100 to 200 nm) to be a word line is
formed to cover ONO film TF.

Then, through a prescribed photolithography process and
an etching process on polysilicon film PSI, word line WL is
formed as shown in FIGS. 9, 10, and 11. Here, a portion of
polysilicon film pattern PP exposed between the word lines is
also subjected to the etching process so as to remove the
portion of polysilicon film pattern PP. Thus, floating gate
electrode FG is formed in memory cell array region MCR.
Dummy floating gate electrode DFG is formed in gate contact
region GCR. A portion of word line WL superimposed on
floating gate electrode FG in a two-dimensional view serves
as control gate electrode CG. Dummy floating gate electrode
DFG is formed to partially be superimposed on dummy ele-
ment formation region DEFR in a two-dimensional view.

Then, as shown in FIGS. 12 and 13, a resist pattern RP
exposing element formation region EFR and element isola-
tion insulating film EIF located in a region where a source
interconnection including a source region is to be formed and
covering other regions is formed. Then, through an etching
process with resist pattern RP serving as an etching mask, as
shown in FIGS. 14 and 15, ex